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A gas carburfsing process and an apparatus therefor 



(57) A material to be treated (W) is preheated to a 
caiburjsing temperature of 750-950°C and is heal- 
a cartwrising atmosphere directly supplied 
w* i hydrocarbon and oxidizing gases, in which it is 
heated to 1000-1 100«C. Thea the material being 



o^^i^ 0 is ****** to a temperature below 

600»C. the material (W) is reheated to 750-850"C 1 and 
then it is hardened by quenching in oil (20), preferably 
using a laminar flow quenching technique. 
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Description 

This invention relates to a gas carburising process 
and an apparatus therefor. 

In a conventional gas carburising process being s 
commonly employed today, the heat treatment is con- 
ducted at 900-930°C using carburising gas formed in a 
transforming furnace. 

A new gas carburising process has been proposed 
by the applicant of this invention (see, for example. JP- 10 
A-89/38870, JP-A-94/51904. etc.) intending to irrprove 
economics by eliminating manufacturing process of the 
caiburising gas in the transforming furnace and by 
directly supplying both hydrocarbon and oxidizing gases 
as raw gas into the furnace. 1S 

The treatment temperature of 900-930°C used in 
the conventional gas carburising process was set hav- 
ing consideration to the prevention of coarse crystal 
grain formation in the material being treated and the effi- 
ciency of the treatment time. 20 

That is, when the treatment temperature is set at a 
temperature exceeding the upper limit of 900-930°C, 
even though the required carburised layer can be 
obtained in a short time, obtaining a satisfactorily carbu- 
rised structure is very difficult due to the formation of 25 
coarse crystal grains in the material being treated. On 
the other hand, when the treatment temperature is 
below the lower limit of 900-930°C. it takes a long time 
to obtain a required carburised depth although a good 
carburised structure is obtained. 30 

Shortening of the treatment time in gas carburisa- 
tion contributes greatly to cost saving by reducing the 
consumption of both power and gas. 

Consequently, it would be of great benefit to provide 
a gas carburising process and an apparatus therefor 35 
which has improved efficiency without reducing the 
quality of the product 

Viewed from a first aspect the present invention 
provides a gas carburising process wherein the material 
to be treated is preheated to a carburising treatment 40 
temperature of 750-950°C and is heated up to 1000- 
1 100*0 In a directly supplied carburising atmosphere of 
hydrocarbon and oxidizing gases. 

Thus the present invention provides the advantage 
that the treatment time is shortened with the associated 45 
benefits to efficiency. Furthermore, a transforming fur- 
nace or formation of carburising gas in a carburising fur- 
nace is not required in the present invention. 

According to the present invention, unlike to the 
\ prior art methods, the heat-treatment is carried out in a so 
carburising atmosphere supplied with the caiburising 
gas and heated to 1000-1 100°C, the carburising atmos- 
phere being directly produced in the furnace. The car- 
burising atmosphere produced directly in the furnace is 
highly reductive. Thus, grain boundary oxidation is very ss 
3ow. Further, heating energy (gas sensible heat) can be 
saved due to elimination of the carburising gas. Further- 
more, variation of the carburised layer and the carburis- 
ing time can be reduced 



In a preferred gas carburising process accorcfing to 
the present invention, following the aforementioned 
method the material being treated is preferably cooled 
to a temperature below 600°C. reheated to 750-850°C 
and then subjected to a laminar flow hardening. 

Following these steps, coarse crystal grains formed 
by the high-temperature carburisation can be regulated 
to specified grain sizes during the cooling and reheating 
steps so as to further reduce grain boundary oxidation. 
Furthermore, it can be easily attained to crystallize car- 
bides homogeneously in order to improve the wear 
resistance and fatigue strength etc., and a product hav- 
ing equal or even higher quality than prior art products 
can be achieved. 

Further, because the laminar flow hardening is 
used, a superior quality product having less hardening 
distortion can be produced in a short time 

viewed from another aspect, the present invention 
provides a carburising apparatus comprising a preheat- 
ing chamber in which the material to be treated is pre- 
heated to 750-950°C, a carburising chamber in which 
hydrocarbon and oxidizing gases are directly supplied 
and heated to 1000-1 100°C, a cooling chamber in 
which the material being treated is forcibly cooled to a 
temperature below 600°C, a reheating chamber in 
which the material being treated is reheated to 750- 
850°C. a hardening chamber, and a purge chamber, 
wherein each of these chambers has its own transfer 
means, and are connected in series through open- 
ing/closing doors. 

Preferably, said hardening chamber is constructed 
as a laminar flow hardening chamber. 

Employing the gas carburising apparatus according 
to the present invention, said process of the present 
invention can be effectively implemented. 

Preferred embodiments of the present invention will 
now be described by way of example only and with ref- 
erence to the accompanying drawings, in which: 

Fig. 1 is a side elevation showing in section the 
main parte of the preferred apparatus for the gas 
carburising process; 

Fig. 2 is a schematic sectioned elevation of the 
hardening chamber; 

Fig. 3 is a graph showing temperature of the mate- 
rial being treated and the temperature of the 
quench oD during hardening; 
Fig. 4 is a chart showing a preferred processing 
sequence for carburising in accordance with the 
present invention; and 

Fig. 5 is a chart showing a typical processing 
sequence for carburising in accordance with the 
prior art. 

In the Rgure 1 , numeral 1 is a preheating chamber, 
2 is a carburising chamber, 3 is a cooling chamber, 4 is 
a reheating chamber, 5 is a hardening chamber, and 6 
is a purge chamber. 
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Further In Figure 1, numeral 7 is an inlet door 8 to 

000O4 refers to the transfer means provided to each of 
the chambers, and Wis a material being treated 

SSI T*"* fr ° m r °° m tem Perature up to the 
^^.FT***" 9 ' fof 8xam P ,e - 750-950'C. pref- 

SJjSlr 1 * t0 . a h6alln9 ° han * er <* a conven - 
: ^SSUl"^ m Preheating chamber 1. it is w 
Possible to stop a fan 15 at initial supply phase or to 
shot-purge to protect initial atmospheiu 
m J"**'* 8 Preheating chamber 1 is constructed 
SS£ ^^ontrol of the healing gradient so that no 
dtf ortwn due to thermal stresses occurs in the material is 
be.ngtreatedWdurfngthepreheati n gprocess 
irJ!L J?"!?"™ 9 Chamber 2 - the material being 
hT H! anSferred ,r0m the Pleating chamber 1 by 
dcLT^^T " thf0U9h °P ened opening/ctoeinj 

^ to 8 SuitaWe temperature of greater *> 

simultaneously by supplying hydrocarbon gas (meth- 
ane, propane, butane etc.) and oxidizing gas (Pure oxv- 

•n the carbunslng chamber 2. such as the transfer 2 * 
dcTsa 4 ™.^ 16 ' 8 *" ShBft 17 ' opening^ 
rSLntZerffs." 9 * "* temp8ratU ' 8 

r '° * e cartxjrfeing chamber 2. the carburisation can 

because i^S^ ""S? *»* in a 8hort *"• » 
hS^? a0n """Went of «*on is twice as 
Si!!** 01 the pnor art. due to a higher carburisina 
temperature than that of the prior art carouns,n 9 

ho«i! h^^°' ,n9 cnarnDer 3 . the material W, which has 
18 SSSSK 10S ?'° inthe ^slng chamberl » 
is forcibly cooled to a temperature below 600°C orefer- 

2*2 ?r° ,C - * *" opoH " 9 ^arnberTa £Sng 
h«,h^« ^ 9)> 8 988 ^""O me thcd utilizing 

«oxWej gasflow. a convection cooling method by cooled 
sarocco fan etc. are used jointly. 
tr r ^heattog chamber 4. the material being 

SSS!i WhiCh has peen ««> 500-C in the coo" 
^cf»mber 3 , te reheated up to an austenitising tern- 45 

^° *• reheatf "B chamber 4 to reduce sur- 
toT^E' ter ^ erandtolm P««'e resistance to temper- 
ng softening. Also, similar to the preheating chamber 1 
^eajng oharnber 4 is constructed 2 STa^ow so 
ZSS hehB8tth 9^^^ »hat ro distortion from 

SSL ^f 88 th8 materia ' bein 9 treated W occurs 
during the reheating process. 

n ^^ ree i ryStal flrains forme<, durir »9 *he high tem- 
regulated to the specified size during the cooling proc- 

2 1 5" Chamb8r 3 ■««**• reheating proc- 
ess in the reheating chamber 4. 



In the hardening chamber 5. there is provided a 

instead of using agitated quench oil 20. however. 

SZTIV^" 9 m F «- 2 18 PreferabTu^ 
lized in the hardening chamber 5. 

r^-f! S ^ 5W1 m Raure 2 - a hardening frame 21 to 
receive a descending elevator 19 isdisposed inapprox- 
.mately Je middle of the quenching vessel 18. AhS- 
zontal dynamic pressure eliminating plate 22 is 
disposed slightly below the middle of toe outer periph 
eryof toe quenching frame 21. A vertical partition 23is 
disposed between the peripheral rim of the dynarrtc 
PT 8 ^ 8 elMn ^ P«ate 22 and the IxrttomoTtoe 
quenching vessel 18. The vertical partition 23 supports 
toequencWng frame 21 through the dynamic pressure 
Mrtng Plate 22. The lower end of the qESj 

vessel I 18. A sub-chamber 24 is formed under the 
quenching frame 21 by toe vertical partition 23 and the 
dynamic pressure eliminating plate 22. 

A suitable number of guide pipes 25 penetrate 
trough fhe vertical partition 23 at regular int^Ts 
mner openings of the guide pipes 25 are bent towards 
toe dynamic pressure eliminating plate 22. fe. upwards 
The quench oil 20 in toe quenching vessel 18issu£ 
Jed equally to the guide pipes 25 through an upwardly 
discharging punp 26. y 
Numeral 27 in Fig. 2 is a circulation pump to circu- . 
tate toe quench oil 20 in the upper and lower portions of 
toe quenching frame 21. and 28 is a circulating pipe 

In the aforementioned construction, the quench oil 

2»l!l!o^ Ch,n ! V8S881 18 fe suPPKed into me sub- 
chamber 24 through toe guide pipes 25 by operation of 

supplied into toe sub^hamber 24 collides with toe 
S^P^ 6 eliminatng plate 22. and converts 
*to laminar flow. 1a the oil flows in layers without any 
eddies (laminar flow), and then flows into the quenchina 
frame 21 from Hs tower end. Hwmsrang 

ineiH 7h ^, materia ' ^ treated W descends into the 
™»deof toequenchlngframe21 bytheelevator 19. The 

Z th9re by lhe Wench oil 20 flowing 

into toe quench frame 21. 

farm^H^r^^P^^^^^^^toPer- 
E^«?n y Partteu| ariy in order to perform 

hardening perfectly with less distortion, toe material 
being treated W should be cooled down rapidly until toe 
te^rature of toe material W reaches a so-called nose 
pant of the S-curve (the ■nme-Temperature-Transfor- 

r^TncTS T* tepf ther6after 81 ,he ^ P° ir rt (the 
martensibc start point, at about 210'C) for a while to 

SSiJ? t8mper8ture throughout toe materiat being 
freated W before proceeding to martensrtic transforma^ 
_ uon. 

Homogeneous hardening without any irregularity 
can be attained in toe laminar flow hardening chamber 
5 because, unlike toe methods used in the prio/art 



3 



5 



EP0723Q34A2 



6 



using blades to agitate the quench oil, no bubbles are 
generated in the quench oa, and in addition there is no 
turbulent flow. 

Rg. 3 shows an example of the temperature varia- 
tion of the material being treated W (curve X) and the 
temperature variation of the quench oil (curve Y) during 
the actual hardening process in the hardening chamber 
5 having the above described construction. 

In Rg. 3, the range between O and A along the time 
axis is a so-called critical range in which the material 
being treated W is to be cooled quickly by operating the 
upwardly discharging pump 26. 

The range between A and B is a relatively slow 
cooling stage of the material W once the pump 26 has 
been stopped. That is, when the upwardly discharging 
pump 26 is stopped, the temperature of the quench oil 
20 rises due to heat transferred from the material being 
treated W. Consequently, the material W is cooled down 
slowly. 

The range between B and C is a stage to decrease 
the temperature difference between the upper and 
lower parts of the material being treated W by operating 
the circulation pump 27. The circulation pump 27 sup- 
plies the quench oil in the quenching frame 21 , sucking 
from me upper part and supplying to the lower part 

Thus. the quench oB in the quenching frame 21 cir- 
culates vertically ami reduces the temperature differ- 
ence between the upper and lower parts of the material 
being treated W. 

The range between C and D is a stage to enhance 
martensitic transformation by decreasing the tempera- 
ture of the material W and the temperature of the 
quench oil 20 by restarting the pump 26. The range 
between D and E is a slinger process. 

An inverter is used to operate the upwardly dis- 
charging pump 26 to enable changing flow velocity by 
setting its frequency at a suitable value Operation time 
of the pump 26 can be set at predetermined intervals 
using a timer. 

In the purge chamber 6 adjacent to the hardening 
chamber 5, nitrogen or carbon dioxide gas can be. 
purged so as to form a shielded environment during 
transportation of the treated material W. 

Rg. 4 shows a processing sequence during a car- 
burising treatment using the aforementioned gas carbu- 
rising apparatus; 

In one example, a gross weight of 300kg of material 
to be treated W was preheated up to 930°C In 1 .2 hours 
in the preheating chamber 1. In the initial stage follow- 
ing charging of the material to be treated W, heating 
was controlled by stopping the fan 15 and shot purging 
with butane. 

Then, the material W, which had been preheated to 
930°C, was transferred to the carburising chamber 2 to 
be heated up to 1050°C in 0.43 hour and to carry out a 
caiburisation treatment in 1.18 hours in a carburising 
atmosphere comprising butane supplied at the flow rate 
(bf 1-5 l/min. as hydrocarbon gas and carbon dioxide at 
She flow rate of 0.5-2.0 l/min. as oxidizing gas. 



Thereafter, the material being treated W was 
cooled down to 500°C in 0.1 7 hour in the cooling cham- 
ber 3, then reheated to the preferable hardening tem- 
perature of 850°C in 0.6 hour in the reheating chamber 
5 4, followed by hardening with the laminar flow method 
resulting in a carburised layer of thickness greater than 
1 .3 mm. 

Total time required for the caiburisation including 
hardening was 3.35 hours, and so-called cycle time cor- 

10 responds to the longest staying time, that is, the pre- 
heating time of 1.2 hours. Therefore, hourly production 
rate can be as much as 300 kg/1.2 hour = 250 kg/hour. 

A processing sequence for a common carburising 
treatment of the prior art (carburising temperature: 

is 930°C) is shown in Rg. 5, for comparison with the pre- 
ferred carburising process of the present invention. 

In this reference, a carburising treatment using 550 
kg of material was performed in a batch furnace. The 
material being treated W and the carburising atmos- 

20 phere in this reference were the same as those used in 
the present invention. Total time required for the carbu- 
risation process to hardening in this reference was 7.5 
hours, and the hourly production rate was 550 kg/7.5 
hours = 73 kg/hour. 

25 Comparing the hourly production rates of the two 
processes, gives 250 kg/73 kg ■ 3.4, and therefore the 
hourly production efficiency for the preferred carburising 
process of the present invention was 3.4 times higher. 
That means that the treatment time can be reduced. 

30 Since gas consumption is decreased by reducing the 
treatment time, the illustrated carburising process 
according to the present invention is more economical 
By increasing tray components in the preheating 
chamber, carburising chamber and reheating chamber 

35 in the case of the present invention, the hourly produc- 
tion rate can be further increased. As heating media, 
either electric power or gas can be used. 

Further, grain boundary oxidation of SCM420-type 
material was 20-25 jun in the reference shown in Rg. 5, 

40 but it could be reduced to less than 15 Jim in the Blus- 
trated example of the present invention shown in Rg. 4. 

Claims 



45 1. A gas carburising process wherein the material to 
be treated (W) is preheated to a carburising treat- 
ment temperature of 750-950°C and is heated up to 
1000-1 100°C In a directly supplied carburising 
atmosphere of hydrocarbon and oxidizing gases. 

50 

2. A gas carburising process as claimed in claim 1 , fol- 
lowed by forcibly cooling the material being treated 
(W) to a temperature below 600°C, then reheating 
the material to 750-850°C and hardening it 

55 

3. A gas carburising process as claimed in claim 2, 
wherein hardening Is achieved by quenching the 
material (W) in a laminar flow bf quench oil. 
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• t^J?*" 9 Wamtus (Rising a preheating 
chamber (1) in which the material to be treated (W) 

d?«^ Wh ' Ch 5S rOCart,on and <***ng Sases are 
directly supplied and heated to 1000-1100«C a « 
ODOhng chamber (3) in which the material being 
S?*££">: oo*d to a temperature bej 
800 C a reheating chamber (4) in which the mate- 
ria^ being treated is reheated to 750-850-C, a hard- 
ening chamber (5). and a purge chamber (6) M 

l" 1 ^ < M ). and are connected in series 
through opening/closing doors (8-12). • 

aTaT^S de "'"9 (5) Is constructed 

as a laminar flow hardening chamber. 
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FIG. 2 
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(57) A material to be treated (W) is preheated to a 
carbunsing temperature of 750-950-C and is heat- 
treated in a carbunsing atmosphere directly supplied 

heated to 1000-1 100'C. Then, the material being 

FIG. I 



treated (W) is forcibly cooled to a temperature below 
OW'C. the material (W) is reheated to 750-e50°C, and 
then it is hardened by quenching in oil (20), preferably 
using a laminar flow quenching technique. 
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